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Electron probe x-ray microanalysis was used to study 
elemental distribution in uninvolved and involved skin 
from patients with psoriasis, and in skin from healthy 
controls. Significant differences were found between 
the involved and uninvolved psoriatic skin. In the in-
volved skin, the concentrations of Mg, P, and K were 
higher in the stratum germinativum, spinosum, and 
granulosum, compared to the corresponding strata in 
uninvolved skin. Neither involved nor uninvolved pso-
riatic stratum germinativum differed markedly from 
nonpsoriatic control stratum germinativum. In unin-
volved psoriatic skin only a lower level of K was noted. 
In comparison to uninvolved psoriatic skin, the elemen-
tal composition of the various strata of involved pso-
riatic skin shows a pattern typical for highly prolifera-
tive, nonneoplastic cells. 
Psoriasis is a chronic disease of unknown etiology, cha rac-
terized by a disturbed maturation o f the keratinocytes, epider-
mal hype rproli feration , a nd in11ammation. The epidermis is 
hyperplastic, acan t hotic, and produces a hyperkeratotic horny 
layer with varying degrees o f parakeratosis. The epidermal 
turnover t ime is s hortened a nd t he germinative cell population 
is inc reased [1]. Biochemical alte rations hitherto reported are 
not disease-specific [2] but a re compatibl e with an elevated 
tissue t urnover. 
Compared to normal, t he noninvolved skin of psoriatic p a-
tients shows a n increased [3 H ]t hymidine incorporation [3] and 
increased desquamation rate [4]. Al so, higher levels of energy-
producing e nzymes [5] a nd ca lmodulin [6], as well as elevated 
phospholipid synthes is [7] and phospholipase A activity [8] 
have been described in noninvolved psoriatic skin. Noninvolved 
psoriatic skin also reacts to irrita nt stimuli in a diffe ren t way 
compared to normal skin (cf. [9]) . 
lt has recently been discussed whether the distu rbed matu-
ratio n of t he kera t inocytes in psorias is is the effect of a s hort-
e ned turnover time. Alternatively, t he prima ry event could be 
a cha nge in t he maturation process leading to a new steady 
state with a fa ster turnover of epidermis [10] . 
The elemental con ten t of living cell s, e.g., sodium, potassium, 
phosphorus, and calcium , varies with the functional state of 
the ce ll s both unde r physiologic and pathologic conditions, e .g., 
ischemia [11], neoplasia (12], and irri tant skin reactions [13]. 
In prev ious work by our group it has a lso been s hown that t he 
elemental co n tent of t he keratinocytes is altered during the 
differentiation process in norma l human [14] and guinea-pig 
[15] epide rmi s. Recently it was cla imed t hat the stratum cor-
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neum of p soriatic skin would have a higher phosphorus and 
calcium content than noninvolved skin [16]. 
In the present study, energy-dispersive x-ray microanalysis 
was used to compare the elemental content of the keratinocytes 
in a ll strata in involved and noninvolved psoriatic skin and in 
norma l s kin . 
MATERIALS AND METHODS 
Patients 
Ten male Caucasians, aged 29-67 years, with sta bl e plaque psoriasis 
were included in the study. None of the patients was on systemic 
treatment. Local t reatment was withdrawn from the areas chosen for 
biopsy 1 week before the biopsies were taken . 
Controls 
Eight males, aged 30-51 years, with no anamnestic or clinical signs 
of psorias is were used as cont rols. All persons had given their informed 
consent. 
Biopsies 
Two punch biopsies, diameter 3 mm, were taken from the right elbow 
(about 2 em proximal of the pressure point) of each patient afte r local 
anesthesia with 0.5 ml Xylocaine ( 1 %) s.c. The tirst biopsy was obtained 
from a stable pso riatic plaque of at least 2 months' duration and the 
second from pa ralesional non involved skin at least 2 em from a plaque. 
From each co ntrol 1 biopsy was obtained from the right elbow. 
Spen'men Preparation 
The biops ies were immediately divided into 4 pieces, snap-frozen in 
Freon 13 subcooled with liquid nitroge n (-190"C), and stored in liquid 
nitroge n. 
Thick (1 6 11m) cryosections were cut on a co nventional cryostat at 
-20"C, mounted on ca rbon speci men holders, freeze-dried overnight, 
and coated with a carbon layer [1 7]. The adjacent section was collected 
on a glass slide and stained for light microscopy with to luidine blue. 
Specimen Analysi.~ 
X-ray microanalysis allows simultaneous detection of Na (Z = 11) 
and heavier elements. The method cannot discriminate between differ-
ent chemical forms of an element. The biologically significant elements 
Na , Mg, P, S, Cl, K, and Ca were quantitated. X-ray microanalys is was 
carried out with a Kevex energy-dispersive spectrometer in combina-
tion with a Kevex 7000 mult ichannel analyzer/computer system, in a 
JEOL lOOC electron microscope with ASID-4 scanning attachment. 
The th ick cryosections were viewed in the sca nning mode and analyzed 
at 20 kV. At. each level in each sample, 8 measurements were carried 
out . A stationary spot was used for analysis. If t he scattering of the 
electrons in the specimen was taken into account, the spatial resolut ion 
of the analysis was about 10- 12 J.Lm . The morphologic ident ification of 
epidermal strata in the cryosections in the scanning electron micro-
scope was facilitated by examination of the adjacent sta ined sections 
in the light microscope [18]. Quant ita tive analysis was performed by 
comparing the spectra from the specimens with those of a standard 
consisting of various mineral salts in a matrix of 20% gelatin and 5% 
glycerol. The standard was frozen and sectioned in the same way as 
the specimens. Methods for quantitative analys is of thick biologic 
spec imens have been described in detail elsewhere [19]. 
Statistical M ethods 
Student's t-test was used to calculate the significa nce level of differ-
ences between skin from psoriatic patients and skin from healthy 
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controls. A paired t-test was used for the comparison of involved and 
uninvolved skin from the patients. 
RESULTS 
Measurements were carried out in the 4 epidermal strata. 
The transition between dermis and epidermis could be easily 
localized in the cryosections, and the first cell layer of the 
epidermis in the rete pegs was considered to be the st~atum 
uerminativum. Likewise the stratum corneum could easdy be 
distinguished, and the layer below the stratum corneum was 
considered to be the stratum granulosum . The cells between 
t he stratum granulosum and the stratum germinativum were 
defined as stratum spinosum. Light microscope inspection con-
firmed t hat the involved skin from patients with psoriasis was 
acanthotic and hyperkeratotic whereas the uninvolved skin had 
an apparently normal structure. 
The results of the analysis are summarized in Table I. The 
most striking differences were found between the involved a nd 
the uninvolved psoriatic skin. In the stratum germinativum, 
spinosum, and granulosum, the concentrations of Mg, P, and 
K were significantly higher in the involved skin, compared to 
t he uninvolved skin. Since the Na concentrations were similar 
in involved and uninvolved skin , the Na/ K concent rat ion ratio 
was, as a consequence, somewhat lower in the involved skin 
(0.54 ± 0.07 vs 0.79 ± 0.16) in uninvolved skin). Similar results 
were obtained for the stratum spinosum. S concentrations were 
significantly elevated in stratum granulosum and cor~eum of 
involved skin. In addition , the stratum corneum ofthe mvolved 
skin had a significantly higher concent ration of Ca than the 
stratum corneum of uninvolved skin. 
The elemental composition of stratum germinat ivum in skin 
f rom psoriatic pat ien ts (both uninvolved and involved) did not 
TABLE l. Elemental content of the ep£dermal stra ta £n normal and 
psoriatic shin. 
Control Un involved In volved psoriatic s kin pso riatic s kin 
Stratu m germinat£uum 
Na 215 ± 25 2.5 1 ± 22 268 ± 11 
Mg 27 ± 2 24 ± 3 33 ± 3h 
p 486 ± 17 453 ± 41 584 ± 23b 
s 332 ± 19 309 ± 10 287 ± 13 
CI 234 ± 19 258 ± 18 265 ± 14 
K 505 ± 28 403 ±50" 535 ± 42b 
Ca 4 ± 1 8±2 9±2 
St ratum sp£nosu.m 
Na 145 ± 34 176 ± 27 191 ± 15 
Mg 24 ± 2 23 ± 2 32 ± 2" 
p 482 ± 20 430 ± 30 532 ± 22b 
s 273 ± 14 296 ± 8 299 ± 13 
Cl 203 ± 22 22 1 ± 27 236 ± 20 
K 517 ± 25 394 ±56" 575 ± 38b 
Ca 3 ± 1 9 ± 2" 6±2 
Stratum granulosu m 
Na 36 ± 10 108 ± 25" 122 ± 12 
Mg 8±2 13 ± 3 30 ± 46 
p 182 ± 19 208 ± 20 382 ± 27b 
s 259 ± 13 276 ± 13 328 ± 13b 
CI 157 ± 27 242 ± 33" 183 ± 16 
K 249 ± 33 235 ± 30 404 ± 32b 
Ca 10 ± 1 15 ± 2" 21 ± 5 
Stratum corneum 
Na 42 ± 7 47 ± 17 35 ± 8 
Mg 6± 1 8±2 11 ± 2 
p 21 ± 5 34 ± 20 149±411' 
s 242 ± 13 268 ± 15 346 ± lOb 
Cl 117 ±6 171±23" 122 ± 17 
K 79 ± 7 123 ± 30 122 ± 49 
Ca 15 ± 6 20 ± 4 38 ± 5b 
Data are given in mmol/kg dry weight, mean ± SEM of 8 controls 
and 10 psori atic patients. 
"Significantly different from control (p < 0.05). 
b Significantly different from uninvolved psoriatic skin (p < 0.05). 
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differ markedly from t hat of nonpsoriatic controls. In nonin-
volved psoriatic skin a significantly decreased K concentration 
was noted. This decrease was also observed in the stratum 
spinosum. Differences in Na, Cl, and Ca concentrations were 
occasionally found in some of the other strata. 
DISCUSSION 
Cone [20] advanced the theory that the mitotic activity of a 
cell might be related to the level of the electrical transmem-
brane potential. This implies that high mitotic activity is as-
sociated with a high Na/ K ratio . Electron microprobe analysis 
has been used by several groups to test this hypothesis. Analysis 
of a number of different types of neoplastic cells has revealed 
a common elemental profile: increased Na and P concentra-
tions, slightly lower or unaffected Mg and K concentrations 
[12,21-23]. In all cases of neoplasia the Na/K ratio was mark-
edly increased, in accordance with Cone's t heory. Cameron and 
Smith [12] compared a number of rapidly dividing, nonneo-
plastic cells with similar, but slowly dividing cells. Increased 
Na, Mg, P, and K concentrations were observed, but the Na/K 
ratio appeared unaffected. A sustained increase of the Na/K 
ratio thus appears to be specific for neoplasia, but not for cell 
proliferation in general. 
The difference found in stratum germinativum levels of Mg, 
P, and K between uninvolved and involved skin from patients 
with psoriasis could thus reflect differences in proliferat ive 
activity. The Na/ K concentration ratio is, however, not in-
creased. In conclusion, t he pattern of changes in involved 
psoriatic skin is similar to that found in rap idly dividing vs 
slowly dividing nonneoplastic cells, but di ssimilar to that found 
in neoplasia. 
The high P content of the various epidermal layers could be 
due to increased levels of nucleic acids. K and Mg ions are 
preferent ially needed to stabilize nucleic acid structure and a 
high leve l of these elements would thus favor a high prolifera-
t ive activity. It has been speculated [24] that neoplastic cells 
would have a Mg-independent mechanism of cell proliferation, 
and that therefore Mg levels in neoplast ic cells are not elevated, 
in contrast to Mg levels in proliferating nonneoplast ic cells. 
The maintained pattern of elementa l content in stratum ger-
minativum, spinosum, and granulosum in the involved psoriatic 
skin as opposed to noninvolved and normal, is in agreement 
with the often observed disturbed maturation of the keratino-
cytes in psoriasis. 
The question of whether the changes in ion distribut ion are 
merely a consequence of the altered ce ll proliferation, or 
whether changes in ion permeability and distribut ion actually 
can influence cell proliferat ion cannot be answered as yet. This 
point may, however, be of fundamental importance for our 
understanding of psoriasis (and of abnormal cell proliferation 
in general). 
The uninvolved skin from psoriatic patients, although taken 
from a predilection area, shows the most clear-cut differences 
with the involved skin , and not the skin from the cont rols. One 
reason for this may be the high intersubject variability of t he 
results, the cause of which is unknown. Since in the comparison 
of involved and uninvolved skin each pat ient is compared with 
himself, the intersubject variability does not affect t he compar-
ison. The possible significance of the difference in calcium 
conten t between controls and psoriatic skin remains unclear. 
The Ca levels in skin are close to the detection limit for electron 
probe x-ray microanalysis, and more sensit ive techniques, such 
as proton microprobe (PMP) analysis [14] may be needed to 
resolve this point. In fact, preliminary PMP data confirm the 
increase in Ca content toward the stratum corneum in parallel 
with increasing different iation. 
Our data on the elemental composition of psoriat ic skin agree 
with previous findings of higher levels of P in involved vs 
uninvolved skin [16] . With regard to the concentration of other 
elements, however, our study gives markedly diffe rent resul ts. 
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It appears evident t hat storage of skin biopsies in ammo nium 
acetate, as done by Burkhart and Burnham [ 16 J, leads to 
extens ive loss of diffus ible ions fro m the skin . In t he human 
skin , as also shown ea rlie r [1 4j as well as in gu inea-p ig epider-
mis [13,15], ma rked gradients of diffusib le ions, e.g., over the 
stratum granulosum , a re present . All prepa ration met hods in -
volving t he use of wate ry solut ions will inevitably lead to 
a rt ifacts. T his stresses t he need for t he use of strictly anhydrous 
preparative tec hniques for t he preparation of t issue for x-ray 
microa nalysis. 
We would li ke to tha nk Dr. Hans Hammar fo r va luable discuss ions. 
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